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CURRENT-CONTROLLED CMOS WIDEBAND DATA AMPLIFIER 

CIRCUITS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[01] The present invention pertains to the field of complementary metal- 
oxide-semiconductor (CMOS) circuitry; and, specifically, to the field of high speed 
CMOS wideband data amplifiers for wideband data communication applications. 

2. Discussion of the Related Art 

[02] High speed wideband data amplifiers are used in wideband data 
communication applications. For a number of reasons including speed limitations of 
processing technology, power consumption and other cost related concerns, it is desirable 
to develop efficient techniques to boost the amplifier bandwidth for higher frequency 
operations. High speed circuit techniques such as current-controlled CMOS (or C 3 MOS) 
logic have been developed that have brought about marked increase in the speed of 
circuitry fabricated using standard CMOS process technology. Various C 3 MOS circuit 
techniques are described in greater detail in commonly-assigned patent application 
number 09/484,856, titled "Current Controlled CMOS Logic Family," by A. Hairapetian, 
which is hereby incorporated by reference in its entirety. 

[03] Other techniques have been developed to increase the gain- 
bandwidth product of CMOS circuitry. For example, shunt peaking is one approach that 
has resulted in improved gain-bandwidth product. Shunt peaking involves putting an 
inductor in series with the output resistor to expand the bandwidth of the circuit. Such 
inductive broadbanding technique combined with C 3 MOS circuitry has been described in 



greater detail in commonly-assigned patent application number 09/610,905, titled 
"Current-Controlled CMOS Circuits with Inductive Broadbanding," by M. Green, which 
is hereby incorporated by reference in its entirety. The expansion of the gain-bandwidth 
product brought about by such inductive peaking, however, is limited to about 1.5 times, 
5 and the inductors needed are generally large which requires a large area on an integrated 
circuit. In wideband data communications, the usable data frequency range starts at 
several kilohertz and extends all the way up to many gigahertz. A wideband amplifier is 
required to handle such a broad spectrum of data frequencies. This is in contrast to the 
wireless domain where communications occurs only over a narrow band, which can be 
10 accomplished using a tuned amplifier with an inductor and a capacitor. However, a 
relatively constant or flat frequency response is desired over a wide frequency band in a 
wideband data amplifier. 

[04] Typically, in designing a wideband amplifier there is a trade off 
between gain and bandwidth. The product of gain and bandwidth is usually a constant 
15 for the same topology. However, by using special techniques, bandwidth can be 

extended while maintaining the same gain level. One conventional way is to employ a 
faster process technology, such as GaAs or InP when fabricating integrated circuits upon 
which the wideband data amplifier is implemented. However, these technologies are 
generally more costly and not as widely available as standard CMOS process. 

20 [05] As is apparent from the above discussion, a need exists for widening 

the high gain portion of the frequency response of the amplifier without compromising 
the gain, for minimizing the power consumption of the amplifier, and for eliminating 
expensive process requirements. 



25 BRIEF SUMMARY OF THE INVENTION 

[06] According to the present invention, expansion of the amplifier 
bandwidth is accomplished using the combination of shunt peaking, series peaking, and 
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miller capacitance cancellation, which is placed at the amplifier input stage, intermediate 
stages, or in the last stage. 

[07] This invention achieves maximum bandwidth expansion by using 
series inductor peaking with miller capacitance cancellation technique and shunt inductor 
peaking in current controlled CMOS circuit (C 3 MOS). The series peaking provides a 
certain peak bandwidth product depending on the inductance L, the capacitance C, and 
the quality of these two components. The bandwidth is inversely proportional to the 
square root of LC. The peaking mainly depends upon the inductance due to its limited Q. 
By reducing the miller capacitance from the C 3 MOS input a wider bandwidth is obtained 
with adequate peaking value. The total response of the amplifier can be obtained with 
wider bandwidth of minimum ripple and minimum phase distortion. 

[08] According to the present invention, an amplifier stage includes a 
current source (preferably a biased transistor), first and second differential transistors 
coupled to the current source, first and second series peaking inductors coupled to the 
15 gates of the first and second differential transistors, respectively, a first output resistor 
and a first shunt peaking inductor connected in series and coupled to the drain of the first 
differential transistor, and a second output resistor and a second shunt peaking inductor 
connected in series and coupled to the drain of the second differential transistor. 

[09] According to another aspect of the present invention, first and 
20 second miller capacitance cancellation capacitors are cross-coupled between the drains 
and gates of the first and second differential transistors. 

[10] According to yet another aspect of the present invention, a multi- 
stage differential amplifier includes serial peaking and shunt peaking in the various stages 
of the multi-stage differential amplifier. According to another aspect of the present 
25 invention, miller capacitance cancellation is employed in the various stages of the multi- 
stage differential amplifier. The serial peaking, shunt peaking, and miller capacitance 
cancellation can be combined in any of various combinations throughout the various 
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stages of the multi-stage differential amplifier. In an embodiment, the serial peaking, 
shunt peaking, and miller capacitance cancellation are all combined in the first stage of 
the multi-stage differential amplifier. 

[11] These and other features, aspects, and advantages of the present 
5 invention will be apparent from the Detailed Description of the Invention and Figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[12] Figure 1 illustrates an amplifier stage according to one embodiment 
10 of the present invention having series peaking, shunt peaking, and miller capacitance 
cancellation. 

[13] Figure 2 illustrates an amplifier stage having shunt peaking inductors 
and parasitic shunt capacitors according to another embodiment of the present invention. 

[14] Figure 3 illustrates an amplifier stage having series peaking 
15 inductors and parasitic series capacitors according to yet another embodiment of the 
present invention. 

[15] Figure 4 illustrates an amplifier stage having parasitic miller 
capacitances and miller capacitance cancellation capacitors. 

[16] Figure 5 illustrates a standard current-controlled CMOS logic 
20 building block circuitry included in stages of the multi-stage amplifier according to the 
present invention. 

[17] Figure 6 illustrates a bias voltage generation circuit suitable for use 
in the various amplifier stages according to the present invention. 
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[18] Figure 7 illustrates a multi-stage amplifier according to an 
exemplary embodiment of the present invention having series peaking, shunt peaking, 
and miller capacitance cancellation at various positions of the multi-stage amplifier. 

[19] Figure 8 illustrates the magnitude of the transfer function versus 
5 frequency of a multi-stage amplifier through a certain number of stages less than the total 
number of stages of the multi-stage amplifier in which the cutoff frequency through the 
certain number of stages is less than required for the multi-stage amplifier. 

[20] Figure 9 illustrates the magnitude of the transfer function versus 
frequency of an amplifier stage having shunt peaking inductors creating a response peak 
10 above the cutoff frequency of the certain number of stages for which the magnitude of the 
transfer function versus frequency is illustrated in Figure 8. 

[21] Figure 10 illustrates the magnitude of the transfer function versus 
frequency of a multi-stage amplifier having the amplifier stage with shunt peaking for 
which the magnitude of the transfer function versus frequency is illustrated in Figure 9 
15 subsequent to the certain number of stages for which the magnitude of the transfer 
function versus frequency is illustrated in Figure 8. 

[22] Figure 1 1 illustrates the magnitude of the transfer function versus 
frequency of an amplifier stage having series peaking inductors creating a response peak 
above the cutoff frequency of the multi-stage amplifier for with the magnitude of the 
20 transfer function versus frequency is illustrated in Figure 10. 

[23] Figure 12 illustrates the magnitude of the transfer function versus 
frequency of a multi-stage amplifier having the amplifier stage with series peaking for 
which the magnitude of the transfer function versus frequency is illustrated in Figure 1 1 
subsequent to the multi-stage amplifier for which the magnitude of the transfer function 
25 versus frequency is illustrated in Figure 10. 

5 



[24] The Figures are more fully explained in the Detailed Description of 

the Invention. 

5 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[25] According to an embodiment of the present invention, shunt 
peaking, and serial peaking are combined in the same wideband data amplifier. In 
various embodiments of a multi-stage wideband data amplifier, some stages may have 
serial peaking but not shunt peaking, other stages may have shunt peaking but not serial 
10 peaking, other stages may have serial peaking and shunt peaking, and yet other stages 
may have neither serial peaking nor shunt peaking. 

[26] Figure 1 illustrates an amplifier stage 100 according to one 
embodiment of the present invention having series peaking, shunt peaking, and miller 
capacitance cancellation. A current source transistor 101 is biased by a bias voltage so 

15 that a constant current i flows from drain to source in the current source transistor 101. A 
first differential transistor 102 has its gate tied to the negative end of a first series peaking 
inductor 103, while a positive differential input signal IN P 104 is coupled to the positive 
end of the first series peaking inductor 103. Similarly, a second differential transistor 105 
has its gate tied to the negative end of a second series peaking inductor 106, while a 

20 negative differential input signal IN N 107 is coupled to the positive end of the second 
series peaking inductor 106. Assuming that the first and second differential transistors 
102 and 105 are identical, then the first and second series peaking inductors 103 and 106 
have the same inductance L ser ies- 

A first output resistor 108 has its negative end tied to 
the drain of the first differential transistor 102, and has its positive end tied to the 
25 negative end of a first shunt peaking inductor 1 10. A second output resistor 109 has its 
negative end tied to the drain of the second differential transistor 105, and has its positive 
end tied to the negative end of a second shunt peaking inductor 111. The positive ends of 
the first and second shunt peaking inductors 1 10 and 1 1 1 are tied to the positive supply 
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voltage. Preferably, the first and second output resistors 108 and 109 have the same 
resistance value R, and the first and second shunt peaking inductors 110 and 111 have the 
same inductances Lshunt. Miller cancellation capacitor 1 12 has its positive end coupled 
to the drain of the second differential transistor 105, and has its negative end coupled to 
5 the gate of the first differential transistor 102. Miller cancellation capacitor 1 13 has its 
positive end coupled to the drain of the first differential transistor 102, and has its 
negative end coupled to the gate of the second differential transistor 105. A first output 
signal OUT? 1 14 is taken at the drain of the second differential transistor 105, and the 
second output signal OUT N 1 15 is taken at the drain of the first differential transistor 102. 

10 [27] Figure 2 illustrates an amplifier stage 200 having shunt peaking 

inductors and parasitic shunt capacitors according to another embodiment of the present 
invention. A first parasitic shunt capacitance 201 exists between the second output signal 
OUT N 115 and the power supply, and a second parasitic shunt capacitance 202 exists 
between the first output signal OUT P 1 14 and the power supply. The first parasitic 

15 capacitance 201 and second parasitic capacitance 202 are shown in dotted boxes to 

indicate that they are not physical circuit elements that are purposefully implemented by 
design, but rather inherently and parasitically exist on the fabricated circuit. The first 
output resistor 108, first shunt peaking inductor 110, and first parasitic shunt capacitance 
201 form a first resistor-inductor-capacitor (RLC) circuit, and second output resistor 108, 

20 second shunt peaking inductor 110, and second parasitic shunt capacitance 201 to form a 
second RLC circuit. The RLC circuits at the output of the amplifier stage form a 
conjugate pair of poles in the complex plane, causing peaking of the frequency response 
to occur prior to roll off. 

[28] Figure 3 illustrates an amplifier stage 300 having series peaking 
25 inductors and parasitic series capacitors according to yet another embodiment of the 
present invention. A first series capacitor 301 exist between the gate of the first 
differential transistor 102 and ground, and a second series capacitor 302 exists between 
the gate of the second differential transistor 105 and ground. The first series capacitor 
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301 and second series capacitor 302 are enclosed in dotted rectangles so as to indicate 
that they are unavoidable parasitic results of the transistors being formed on a substrate, 
rather than being purposefully designed into the circuit. The first series peaking inductor 
103 and first series capacitor 301 form a first inductor-capacitor (LC) circuit, and the 
5 second series peaking inductor 106 and second series capacitor 302 form a second LC 
circuit. The LC circuits at the input of the amplifier stage form a conjugate pair of poles 
in the complex plane, causing peaking of the frequency response to occur prior to roll off. 

[29] Figure 4 illustrates an amplifier stage 400 having miller capacitance 
cancellation capacitors and parasitic miller capacitances. A first series miller capacitance 

10 cancellation capacitor 401 has its positive end coupled to the drain of the first differential 
transistor 102 and has its negative end coupled to the gate of the first differential 
transistor 102. A second miller capacitance cancellation capacitor 402 has its positive 
end coupled to the drain of the second differential transistor and its negative end coupled 
to the gate of the second differential transistor. The first miller cancellation capacitor 1 12 

15 cancels the effect of the parasitic first miller capacitance 401 of the first differential 
transistor 102, and the second miller cancellation capacitor 113 cancels the effect of the 
parasitic second miller capacitance 402 of the second differential transistor 105. 

[30] The wideband data amplifiers according to the present invention are 
small signal amplifiers. The primary object of the wide band data amplifiers according to 

20 the present invention is to have high gain, so as to increase signal strength from input to 
output. Preferably, the wide band data amplifiers are linear in their small signal transfer 
function, thus they are linear amplifiers. Each stage in the multi-stage wide band data 
amplifier according to the present invention presents a pole in the complex plane. 
Because a wideband data amplifier according to present invention is multi-stage, with 

25 each successive stage, the bandwidth from input to output becomes shorter and shorter. 

[31] Therefore, it is desirable to create a data amplifier having a 
bandwidth of around, for example, 10 gigahertz and having about, e.g., 6 stages, as 
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illustrated in Figure 7. With today's fabrication processes, this is not possible with 
conventional amplifier stages. 

Figure 5 illustrates standard current-controlled CMOS logic building block circuitry 500 
included in each stage of the multi-stage amplifier according to the present invention. 
5 Thus, the various combinations of series peaking inductors, shunt peaking inductors, and 
miller cancellation capacitors can be added to the standard current-controlled CMOS 
logic building block circuitry 500 common to all amplifier stages according to the present 
invention. 

[32] Figure 6 illustrates a bias voltage generation circuit 600 suitable for 
10 use in the various amplifier stages according to the present invention. A current source 

601 drives a current through a current mirror transistor 602. The gate and drain of the 
current mirror transistor 602 are tied together so that the bias voltage BIAS 102 biases the 
gate of the current mirror transistor 602 so that it can mirror the current from the current 
source 601 . If the bias voltage BIAS 102 is circulated to one or more other stages of the 

15 multi-stage amplifier and if the current source transistor 101 in the stage to which the bias 
voltage BIAS 102 is routed is the same size as the current mirror transistor 602, then the 
same current will flow through both the current mirror transistor 602 and the current 
source transistor 101. If the current source transistor 101 and current mirror transistor 

602 are not the same size in terms of their transistor width/length values, then the currents 
20 flowing through the two transistors will be proportional to their transistor width/length 

ratio. 

[33] Figure 7 illustrates a multi-stage amplifier 700 according to the 
present invention having series peaking, shunt peaking, and miller capacitance 
cancellation in various combinations and at various stages in the multi-stage amplifier 
25 700. The multi-stage amplifier 700 includes six stages 701, 702, 703, 704, 705, and 706 
all of which include the standard current-controlled CMOS logic building block circuitry 
500. The first amplifier stage 701 includes first and second series peaking inductors 711 
and 712, first and second shunt peaking inductors 713 and 714, and first and second 
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miller capacitance cancellation capacitors 715 and 716. Thus, the first amplifier stage 
701 includes series peaking, shunt peaking, and miller capacitance cancellation all in the 
same stage 701. The second amplifier stage 702 includes first and second series peaking 
inductors 721 and 722 and first and second shunt peaking inductors 723 and 724. Thus, 
5 the second amplifier stage 702 includes series peaking and shunt peaking in the same 
stage 702. The third amplifier stage 703 includes first and second shunt peaking 
inductors 733 and 734 and first and second miller capacitance cancellation capacitors 735 
and 736. Thus, the third amplifier stage 703 includes shunt peaking and miller 
capacitance cancellation in the same stage 703. The fourth amplifier stage 704 includes 

1 0 first and second series peaking inductors 741 and 742 and first, and second miller 

capacitance cancellation capacitors 745 and 746. Thus, the fourth amplifier stage 704 
includes series peaking and miller capacitance cancellation in the same stage 704. The 
fifth amplifier stage 705 includes first and second shunt peaking inductors 753 and 754, 
and therefore the first amplifier stage 705 has shunt peaking without either series peaking 

15 or miller capacitance cancellation. The last amplifier stage 706 has neither series 
peaking, shunt peaking, nor miller capacitance cancellation. 

[34] The multi-stage amplifier 700 illustrated in Figure 7 is implemented 
on a signal integrated circuit. Therefore, the positive signal input 750 is received through 
an input pad 754, the negative signal input 75 1 is received through an input pad 755, the 
20 positive signal output 752 is driven out through output pad 756, and the positive signal 
output 753 is driven out through output pad 757. 

[35] Shunt peaking increases the bandwidth of a single stage, and 
therefore also increases the bandwidth of the multi-stage amplifier in which the single 
stage is present. Shunt peaking creates a peak in the gain of the amplifier toward the high 
25 end of the spectrum; however, there is an unavoidable roll off of the transfer function at 
the high end of the spectrum, and it is also undesirable to make the peak too high because 
it causes distortion. 

10 



[36] With series peaking, the peak frequency f ser ies is given by the 
following equation for an ideal inductor and capacitor. 

Jsenes 2n4hC 

[37] Depending upon the Q of the real inductor and capacitor, the 
5 frequency response of the series peaking stage is similar to the shunt peaking frequency 
response. 

[38] By selection of the proper series inductor, the peaking frequency of 
the series peaking stage can be chosen so as to peak just above the roll off frequency of 
all the preceding stages. If the roll off frequency of the preceding stages is, e.g., 8 
10 gigahertz, then peaking frequency of the next series peaking stage is chosen to be above 8 
gigahertz, so that the frequency response of the multi-stage amplifier ending in series 
peaking stage is fairly flat, and so that the roll off frequency of the multi-stage amplifier 
is around, e.g., 10 gigahertz. 

[39] In order to increase the peaking frequency of the serial peaking 
15 stage, either the inductance of the inductor can be reduced, or alternatively the 

capacitance of the capacitor can be reduced. However, if the inductance of the inductor 
is reduced, the peaking level gets smaller, thereby reducing the ability to effectively 
compensate for roll off of the previous stages. However, by reducing the capacitance of 
the capacitor, the serial peaking of the gain is increased, and also the frequency of the 
20 serial peaking is increased. 

[40] There is a parasitic Miller capacitance from gate to drain of a CMOS 
transistor, cross-coupled capacitors are included in the circuit stage according to the 
present invention in order to cancel the Miller capacitances. 

[41] Thus, according to one embodiment of the present invention, serial 
25 peaking, shunt peaking, and Miller cancellation are combined. The combination 

according to the present invention results in a flat response to a higher roll off frequency 
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than with conventional wide band data amplifiers, and also there is low distortion of the 
phase. For a linear system, it is desirable to have the same delay for all frequencies, in 
order to facilitate proper signal recovery. The phase is a function of the delay and is 
given by the following equation. 
5 </> = IjfM 

[42] Therefore, if every frequency component incurs the same delay 
through the amplifier, then the phase will be different for each frequency, but the phase 
will be linearly proportional to the frequency. Distortion of the phase results when there 
is a different delay for each frequency, thus phase is not linearly related to frequency. 

10 [43] The present invention is applicable to any wideband application, 

such as a SONET application. 

[44] Figures 8 through 12 illustrate the magnitude of the transfer fixnction 
H versus frequency (in other words, frequency response) of multi-stage amplifiers and 
single stages at various positions. For example, Figure 8 is an exemplary plot of the 

15 magnitude of the transfer function versus frequency of the first two stages 701 and 702 
shown in Figure 7 from the signal inputs 750 and 751 to the intermediate signal nodes 
760 and 761. Figure 9 is an exemplary plot of the magnitude of the transfer function 
versus frequency of the stage 703 illustrated in Figure 7 from the intermediate signal 
nodes 760 and 761 to the intermediate signal nodes 770 and 771. Figure 10 is an 

20 exemplary plot of the magnitude of the transfer function versus frequency of the first 

three amplifier stages 701, 702, and 703 illustrated in Figure 7 from the signal inputs 750 
and 751 to the intermediate signal nodes 770 and 771 . Figure 1 1 is an exemplary plot of 
the magnitude of the transfer function versus frequency of the fourth amplifier stage 704 
illustrated in Figure 7 from the intermediate signal nodes 770 and 771 to the intermediate 

25 signal nodes 780 and 781. Figure 12 is an exemplary plot of the magnitude of the 

transfer function versus frequency of the first four amplifier stages 701, 702, 703, and 
704 illustrated in Figure 7 from the signal inputs 750 and 751 to the intermediate signal 
nodes 780 and 781. The plots shown in Figures 8 through 12 are not necessarily to scale 
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and are approximate graphical representation of the actual frequency responses. In some 
instances, the shunt peaking in one stage may only extend its bandwidth without a 
peaking effect. 

[45] Figure 8 illustrates the magnitude of the transfer function versus 
5 frequency 800 of a multi-stage amplifier through a certain number of stages less than the 
total number of stages of the multi-stage amplifier. In this amplifier the cutoff frequency 
through the certain number of stages is less than required for the multi-stage amplifier, or 
otherwise it affects the amplifier from achieving the required overall bandwidth. The 
logarithm of the magnitude of the output signal voltage amplitude to the input signal 
10 voltage amplitude ratio is plotted on the y-axis versus the logarithm of the frequency f of 
the input signal on the x-axis. The cut off frequency fi is the frequency at which roll off 
begins to occur. 

[46] Figure 9 illustrates the magnitude of the transfer function versus 
frequency 900 of an amplifier stage having shunt peaking inductors creating a response 

15 peak above the cutoff frequency of the certain number of stages for which the magnitude 
of the transfer function versus frequency is illustrated in Figure 8. The logarithm of the 
magnitude of the output signal voltage amplitude to the input signal voltage amplitude 
ratio is plotted on the y-axis versus the logarithm of the frequency f of the input signal on 
the x-axis. The cutoff frequency f t of the multi-stage amplifier through a certain number 

20 of amplifier stages less than the total number of stages is shown on Figure 9 for 

reference. The amplifier stage for which the magnitude of the transfer function versus 
frequency 900 is plotted in Figure 9 is designed such that the peaking frequency f 2 
resulting from the shunt peaking inductors is higher than the cutoff frequency f\ f or in 
other cases the overall cutoff frequency is not far lower than fi due to the bandwidth 

25 expansion from shunt peaking. 

[47] Figure 10 illustrates the magnitude of the transfer function versus 
frequency 1000 of a multi-stage amplifier having the amplifier stage with shunt peaking 
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for which the magnitude of the transfer function versus frequency is illustrated in Figure 
9 subsequent to the certain number of stages for which the magnitude of the transfer 
function versus frequency is illustrated in Figure 8. The shunt peaking at frequency f 2 for 
the amplifier stage for. which the magnitude of the transfer function versus frequency is 
5 illustrated in Figure 9 compensates between the frequencies of fi and f 2 for the roll off in 
the frequency response that occurs at frequency f x illustrated in Figure 8. 

[48] Figure 1 1 illustrates the magnitude of the transfer function versus 
frequency 1 100 of an amplifier stage having series peaking inductors creating a response 
peak at frequency f 3 above the cutoff frequency f 2 at which roll off begins of the 

10 magnitude of the transfer function versus frequency of the multi-stage amplifier for with 
the magnitude of the transfer function versus frequency is illustrated in Figure 10. When 
the stage for which the magnitude of the transfer function versus frequency is illustrated 
in Figure 1 1 is placed after the multi-stage amplifier for which the magnitude of the 
transfer function versus frequency is illustrated in Figure 10, then the peaking that occurs 

15 at frequency f 3 will compensate for the roll off in response that occurs at frequency f 2 for 
the multi-stage amplifier illustrated in Figure 10, as illustrated in Figure 12. 

[49] Figure 12 illustrates the magnitude of the transfer function versus 
frequency 1200 of a multi-stage amplifier having the amplifier stage with series peaking 
for which the magnitude of the transfer function versus frequency is illustrated in Figure 
20 11 subsequent to the multi-stage amplifier for which the magnitude of the transfer 

function versus frequency is illustrated in Figure 10. The series peaking at frequency f 3 
for the amplifier stage for which the magnitude of the transfer function versus frequency 
is illustrated in Figure 1 1 compensates between the frequencies of f 2 and f 3 for the roll off 
in the frequency response that occurs at frequency f 2 illustrated in Figure 10. 

25 [50] In the first stage, the bond wire inductance can be used to instantiate 

the series peaking inductance. In order to achieve a flat frequency response, the series 
peaking stage is used to extend the bandwidth resulting from several shunt peaking 
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stages. The series peaking stage can effectively be used to achieve higher bandwidth 
towards the end of the amplifier. However, because the earlier stages in the amplifier 
preferably are primarily concerned with achieving high gain, they are unable to produce a 
high band width. The peaking frequency of the series peaking stages are easily 
5 adjustable by changing the inductor value in order to get a wide band width. 

[51] Preferably, the last stage has shunt peaking without anything else, 
perhaps with a fifty ohm output resistor. Because the first stage has bonding wire with an 
inherent inductance, series peaking is nearly necessary for the first stage. Because a 
rather certain level of noise is injected into all the signals at all stages, it is desirable to 

10 increase the gain as much as practicable in the early stages so that the signal-to-noise 
ratio is as high as possible throughout the amplifier. A certain noise power corrupts a 
smaller signal proportionately more than a larger signal. If the signal is smaller in the 
intermediate stages, noise corrupts the smaller signal, and the noise is amplified along 
with the signal later in the amplifier. Thus, by having most of the gain at the early stages, 

15 only the noise incurred in the early high gain stages is amplified, while the noise 
absorbed by the later lower gain stages is not amplified as much. 

[52] For noise reasons, it is desirable to realize high gain near the 
beginning of the amplifier, especially in the first stage of the amplifier. Therefore, the 
transistors in the first stage are fairly large in comparison to later stages. Miller 
20 cancellation is more easily accomplished in higher gain stages rather than in lower gain 
stages. The size of the capacitance required to cancel a given miller capacitance C g d is 
given below. 

c=c i±i 

C Cgd A-l 

[53] Where A is the gain of the stage. Thus, for example, if A is 1, no 
25 capacitor is large enough to cancel the miller capacitance. However, for very large gain, 
the cancellation capacitor is only incrementally larger than the miller capacitance. 
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[54] The miller capacitance affect the output pole, so it is desirable to 
have the capacitor appear in a stage where the gain is fairly high. That way, the miller 
capacitance can be effectively canceled, and the output stage does not see that much 
capacitance. In the last stage, shunt peaking is used because the signal is limited, so the 
5 bandwidth does not matter too much. In addition, it is desirable to avoid ringing on the 
output. With shunt peaking, it is possible to make a fairly linear phase characteristic, but 
the bandwidth can still be extended. The driver stage also uses a lot of current because it 
typically drives a relatively low impedance, so the bandwidth is generally not a big 
problem. The last stage typically drives out of the integrated circuit and into another 
10 device. 

[55] The multi-stage amplifier according to the present invention is 
implemented with multiple stages primarily for gain purposes, although the signal is 
typically increased in strength somewhat as well. For example, the signal coming into 
the chip may be on the order of 10 millivolts, while it is desirable to drive the signal out 
15 at 500 millivolts. 

[56] In series peaking, the signal is taken at the gate of the transistor, the 
point in series with the inductor and the parasitic capacitor. In addition, there is a 
parasitic capacitor between the positive power supply and the output signal, which is 
termed the shunt capacitor. In shunt peaking, the output signal is taken from the parallel 
20 combination of the parasitic shunt capacitor and the inductor resistor output path from the 
power supply to the output signal. 

[57] While the present invention has been described with reference to its 
presently preferred and alternative embodiments, those embodiments are offered by way 
of example, not by way of limitation. Those skilled in the art will be enabled by this 
25 disclosure to make various modifications and additions to the embodiments described 
herein without departing from the spirit and scope of the present invention. Accordingly, 
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those various modifications and additions are deemed to lie within the scope of present 
invention as delineated by the following appended claims. 
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